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(54) A braking system for a railway or tramway vehicle 


(57) The system comprises at least one main pneu- 
matic duct (MP), actuators (BC1, BC2) for the service 
brake and the supplementary brake, at least one auxil- 
iary reservoir (AR) connected to the main duct (MP) and 
at least one compact etectropneumatic control assem- 
bly (G1 , G2; G1 2). This assembly has an inlet connector 
(a) connected to the main duct (MP), an inlet/outlet con- 
nector (e) connected to the reservoir (AR) and further 
connected, within the assembly (G1 G2; G12), to the 
said inlet connector (a) to allow supply to the reservoir 
(AR) of air under pressure from the main duct (MP), and 
a plurality of further inlet/outlet connectors (b) con- 
nected to the service and supplementary brake actua- 

RG. 1 m 


tors (BC1, BC2). At least at one pneumatic control 
circuit (PNC1) for controlling the service and supple- 
mentary brake is connected between the said reservoir 
(AR) and the said further inlet/outlet connectors (b1 , b2) 
and comprise a plurality of solenoid control valves (EVF, 
EVS, EVSOC) and pressure sensors/transducers (S, 
T). An electronic communications and control unit 
(ECU) is connected to a communications bus (VB), to 
the sensors, transducers (S, T) and to the said solenoid 
control valves (EVF. EVS, EVSOC), and control these 
latter to perform service braking or supplementary brak- 
ing. 
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Description 

[0001] The present invention relates to braking sys- 
tems for railway or tram vehicles. 
[0002] More specifically the invention relates to a s 
braking system for a railway or tram vehicle having at 
least two axles, comprising 

at least one main pneumatic duct 

pneumatic actuator devices for the service brakes 10 

and the supplementary brakes, and 

at least one auxiliary reservoir connected to the 

said main duct and operable to provide the said 

actuators with compressed air for braking. 

15 

[0003] One object of the invention is to provide a brak- 
ing system which has considerable structural simplicity, 
a wide versatility of performance and which involves a 
drastic simplification of the connections and operations 
necessary for its installation. 20 
[0004] These and other objects are achieved accord- 
ing to the invention with a braking system the main char- 
acteristics of which are defined in the attached Claim 1 . 
[0005] Further characteristics and advantages of the 
system according to the invention will become apparent 25 
from the following detailed description given purely by 
way of non-limitative example with reference to the 
attached drawings, in which: 

Figure 1 is a block schematic diagram of a braking so 
system for a railway or tram vehicle according to the 
invention; 

Figure 2 is a block diagram which shows a variant 
embodiment of the system according to Figure 1 ; 
Figure 3 is a block diagram which shows a further 35 
variant embodiment; 

Figure 4 is a block diagram of a system according to 
the invention; 

Figure 5 is a block diagram which shows the struc- 
ture of a compact electropneumatic control assem- 40 
bly comprised in a braking system according to the 
invention; 

Figures 6 to 9 are pneumatic circuits comprised in a 
control unit according to Figure 5; 
Figures 10, 10a and 11 are variant diagrams of 45 
embodiments of the pneumatic circuit according to 
Figure 6; 

Figure 12 is a diagram which illustrates a double 
control loop for controlling solenoid valves for the 
supplementary brake; so 
Figure 13 is an electric diagram of a solenoid valve 
supply circuit comprised in the system according to 
the invention; 

Figure 14 is a diagram relating to a variant embodi- 
ment of a system according to the invention; and 55 
Figures 15 and 16 are diagrams of arrangements 
adopted for controlling the solenoid valves and for 
controlling the temperature within the casing of an 


electropneumatic control unit comprised in a brak- 
ing system according to the invention. 

[00061 In Figure 1 RV generally indicates a railway or 
tram vehicle such as a carriage of a train or a locomo- 
tive. This vehicle RV is provided with at least two bogies 
B1 and B2 typically having at least two axles (in a man- 
ner known per se). 

[0007] The vehicle RV has a braking system including 
at least one main pneumatic braking duct MP which 
extends along the vehicle and which is connected at its 
ends to corresponding ducts of similar vehicles con- 
nected to the one under consideration. 
[00081 In the embodiment of Figure 1 the vehicle RV 
is traversed by a communications bus VB which extends 
throughout the entire train of which the vehicle RV forms 
part, forming a local communications network between 
electronic apparatus for acquisition of information and 
control situated for example on the engine. 
[0009] The braking system of the vehicle RV com- 
prises two electropneumatic control assemblies gener- 
ally indicated G1 and G2, each of which is associated 
with a respective bogie B1 and B1. The internal archi- 
tecture of each of the electropneumatic control assem- 
blies G1 and G2 will be further described hereinafter. 
[00101 Each of the assemblies G1 and G2 comprises 
an electronic communications and control unit ECU 
formed for example by a microprocessor and other elec- 
tronic corrponerrts. 

[00111 In the embodiment according to Figure 1 the 
electronic unit ECU of each electropneumatic assembly 
G1 and G2 is connected to the communications bus VB 
by means of an interface device INT of bi-directional 
type. This interface device, which may, for exarrple, be 
of a type known as a "gateway", can be prearranged to 
interpret control signals introduced onto the communi- 
cations bus VB and to translate them into the communi- 
cations protocol of the units ECU of the individual 
electropneumatic assemblies. 
[0012] Each assembly G1 and G2 has an input con- 
nection a connected to the main braking duct MP by 
means of a single connection duct CP in which a throttle 
or choke PC for protection and an isolating tap IC are fit- 
ted. 

[0013] Each electropneumatic assembly G1 and G2 
has a plurality of outlet or inlet/outlet connectors indi- 
cated b-e, connected to brake actuator devices with 
which the associated bogies B1 and B2 respectively are 
provided. 

[001 4] Each assembly G1 and G2 has at least one fur- 
ther inlet/outlet connector f to which is connection an 
external auxiliary reservoir indicated AR. As will be bet- 
ter described hereinafter, within each electropneumatic 
assembly G1 or G2 the air under pressure which comes 
from the main duct MP through the connection ducts CP 
is forwarded to the said auxiliary reservoir AR and to 
possible further reservoirs connected to the assembly. 
[0015] Within each assembly there are a plurality of 
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pneumatic circuits for controlling the activation of the 
brake actuators connected to the connectors b-e of the 
assembly. 

[0016] As will be described hereinafter, each of these 
pneumatic circuits includes a plurality of controlling s 
solenoid valves controlled by the electronic unit ECU as 
well as sensors/transducers intended to provided elec- 
trical signals indicative of quantities or conditions moni- 
tored in these pneumatic circuits. 
[0017] With reference to Figure 1, along the vehicle 10 
RV extend first and second feed conductors 1a and 2a 
to which are respectively connected first and second 
return conductors 1b and 2b. These conductors extend 
through the entire train and each delivery conductor is 
connected to the corresponding return conductor at one 15 
end of the train of which the vehicle RV forms part in 
such a way as to form first and second safety loops R1 
and R2. At the other end of the train the conductors 1a. 
1b and 2a, 2b are connected to a supply device indi- 
cated SD in Figure 1 , which is arranged to maintain 20 
them at respective different potentials. 
[0018] At least one pair of wires x1 and x2 connected 
to the return conductors 2a and 2b of the safety loops 
R1 and R2 lead to each electropneumatic assembly G1 
and G2 for control of the supplementary brake in a man- 25 
ner which will be better explained hereinafter. 
[0019] Along the vehicle RV may be another line y 
connected to control apparatus CU preferably installed 
in the cabin. On the line y is interposed at least one 
intermediate device ID which can be actuated for exam- 30 
pie by means of an enabling key. The line y is connected 
to the control unit ECU of each assembly G1 and G2 by 
means of branch lines y 1 and y 2 . In the case of break- 
down for exarrple of the bus VB the enablement of the 
device 1D makes it possible to send "breakdown" sig- 35 
nals (for example of the on/off or PWM type) from the 
apparatus CU to the unit ECU of each assembly G1 and 
G2 ensuring an acceptable brake application and 
release function and the continuance of the service. 
[0020] As will already be established from a study of 40 
Figure 1, the braking system described above has an 
extremely "clean" architecture and requires a limited 
number of electrical and pneumatic connections for its 
installation. 

[0021] In Figure 2 there is shown a variant embodi- 45 
ment in which each bogie B1 and B2 of the vehicle has 
respective associated electropneumatic control assem- 
blies G1 and G2 the electronic communications and 
control units ECU of which are directly connected to the 
communications bus VB. so 
[0022] In braking systems according to Figures 1 and 
2 the electropneumatic control assemblies G1 and G2 
respectively associated with the bogies B1 and B2 can 
be physically installed directly on these bogies. 
[0023] In Figure 3 there is shown a variant embodi- 55 
ment in which the braking system of a vehicle RV com- 
prises a single compact electropneumatic control 
assembly indicated G1 2, coupled to both bogies B1 and 


B2 of the vehicle. In this case the assembly G12 can be 
installed on one of the bogies, or under the vehicle, in an 
intermediate position between these bogies. 
[0024] In the following description reference will be 
made to an embodiment in which each bogie of the rail- 
way or tram vehicle is associated with a respective elec- 
tropneumatic control assembly. Those skilled in the art 
will, however, appreciate the simple modifications nec- 
essary to provide a braking system according to Figure 
3, that is to say comprising a single electropneumatic 
control assembly associated with all the bogies of the 
vehicle. 

[0025] The invention likewise is applicable to railway 
or tram vehicles provided with only two axles, having a 
single electropneumatic control assembly. 
[0026] In Figure 4, in which there is shown only one 
bogie B1 , several brake actuator devices with which the 
bogie is provided are shown graphically in the form of 
blocks, connected to the electropneumatic assembly G1 
associated with it. In particular, the inlet/outlet connec- 
tors b1 and b2 of the assembly G1 are connected to the 
cylinders BC1 and BC2 of the service brakes and the 
supplementary brakes of the two axles of the bogie B1 . 
The connection c of the assembly G1 is connected to 
the actuators EMA of the emergency brake, whilst the 
connectors d and e are oonnected to the cylinders PBR 
of the parking brake and, respectively, to the control cyl- 
inders SC of the cleaning shoes. 
[0027] As is shown in Figure 4, the electropneumatic 
assembly G associated with a bogie B can have an inlet 
g connected to the control system of the pneumatic sus- 
pension VSS of the vehicle, to extract information on the 
weight of the vehicle itself, usable in particular to regu- 
late the brake pressure applied to the actuators in sup- 
plementary braking. Alternatively, this information on 
the weight of the vehicle can be provided to the elec- 
tropneumatic assembly by other sensor or transducer 
devices of type known per se, such as load cell devices 
and the like associated with the vehicle itself. 
[0028] In the embodiments schematically illustrated in 
Figure 5, an electropneumatic control assembly G1 has 
a plurality of input and output connectors f1.f2.f3 oon- 
nected to specific auxiliary reservoirs indicated AR, ER 
and PR respectively. The reservoir AR is associated in 
particular with the service brake and the supplementary 
brake, as well as with control of the actuators associ- 
ated with the cleaning shoes. The reservoir ER is asso- 
ciated with control of the actuators of the emergency 
brake whilst the reservoir PR is associated with the con- 
trol of the actuators for the stationary or parking brake. 
[0029] Within the assembly G1 the connectors f 1 , f2, 
f3 are coupled to the input connector a, and therefore to 
the main duct MP via respective lines or ducts 11, 12 
and 13, with the interposition of respective throttles c1- 
c3 and respective non-return valves z1-z3. 
[0030] The electropneumatic assembly G1 of Figure 5 
includes four pneumatic control circuits indicated PNC1 
to PNC4. 
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[0031] The pneumatic circuit PNC1 is connected 
between the connection f1 and the connectors b1 and 
b2 and controls activation and disactivation of the cylin- 
ders BC1 and BC2 of the s rvice and supplementary 
brakes. 5 
[0032] The pneumatic circuit PNC2 is connected 
between the connector f2 and the connector c and is 
intended to control the activation and disactivation of the 
emergency brake actuators EMA. 
[0033] The pneumatic circuit PNC3 is disposed 
between the connectors f3 and d and is intended to con- 
trol the stationary or parking brake actuators PBR. 
[0034] Finally, the pneumatic circuit PIMC4 is inter- 
posed between the connectors f 1 and e, and controls 
the actuators SC associated with the cleaning shoes. 
[0035] Although in the diagram of Figure 5, as well as 
in the diagrams of the subsequent Figures 6 to 1 1 , there 
are three auxiliary reservoirs (AR, ER and PR) it will be 
understood that only one of these (the reservoir AR) is 
sufficient. 

[0036] The pneumatic control circuits PNC1 to PNC4 
include respective controlling solenoid valves, control- 
led by the electronic communication and control unit 
ECU in ways which will be described hereinafter. In Fig- 
ure 5, L1 indicates a plurality of conductors by which the 
electronic unit ECU is connected to the controlling sole- 
noid valves of the pneumatic control circuit PNC1. In 
order not to overload the drawings, in Figure 5 the cor- 
responding connections by which the unit ECU controls 
the command solenoid valves of the other pneumatic 
control circuits PNC2 to PNC4 have not been shown. 
[0037] The pneumatic circuit PN1 further includes, as 
will be seen hereinafter, sensor devices or transducers 
intended to provide the unit ECU with electrical signals 
indicative of quantities or conditions monitored in these 
circuits. In Figure 5 12 generally indicates the lines 
which connect the sensors or transducers of the circuit 
PNC1 to the unit ECU. On the other hand the lines 
which connect the sensors or transducers of the other 
pneumatic circuit to the unit ECU have not been shown, 
again for the purpose of not overloading the drawing. 
[0038] In a preferred embodiment the pressure trans- 
ducers (hereinafter indicated T...) associated with the 
various pneumatic circuits are physically mounted 
directly on, or on circuit cards or boards of, the unit ECU 
and are coupled to the said pneumatic circuit by means 
of pneumatic ducts. 

[0039] With reference to Figure 6 a first embodiment 
of the pneumatic control circuit PNC1 will now be 
described. 

[0040] The circuit PNC1 of Figure 6 comprises two 
pneumatic valves VF1 and VSF1, respectively for the 
application and release of the service braking pressure 
to the cylinders BC1 of the brakes of one axle of a 
bogie, and corresponding valves VF2 and VSF2 for the 
application and release of the service braking pressure 
to the cylinders BC2 of the brakes of the other axle of 
the bogie. The valves VF1 and VF2 are identical to one 


another and each of these (for example the valve VF1) 
comprises a body h within which is a membrane shutter 
j which controls the communication between the inlet k 
and the outlet o of the valve. The membrane j defines, 
with respect to the body h, a pilot chamber m to which is 
connected a solenoid control valve EVF1 which in the 
example illustrated is of the two-way, two-position type. 
In the excited condition (illustrated in Figure 6) the sole- 
noid valve EVF1 determines introduction into the cham- 
ber m of a piloting pressure Pil derived from the 
auxiliary reservoir AR. In this condition the communica- 
tion between the inlet k and the outlet o of the valve is 
prevented. When the said solenoid valve is excited the 
pilot chamber m is put into communication with the dis- 
charge, and passage of air under pressure from the inlet 
k to the outlet o of the valve VF1 , or vice versa is now 
allowed. 

[0041] The inlets of the valves VF1 and VF2 are con- 
nected to the reservoir AR by means of a tube p1 . 
[0042] The outlets of the said valves VF1 and VF2 are 
connected to respective cylinders BC1 and BC2 by 
means of tubes p2 and p3. Between the outlets of the 
valves VF1 and the cylinders BC1 and BC2 respectively 
are connected respective pressure-limiting valves 
(pressure relief valves) LV1 and LV2, and interception 
taps IC1 and IC2. The brake release valves VS1 and 
VS2 are similar to the valves VF1 and VF2 and to these 
are associated respective control solenoid valves EVS1 
and EVS2. In the de-excited condition illustrated in Fig- 
ure 6 the solenoid valves EVS1 and EVS2 connect the 
pilot chambers of the associated valves VS1 and VS2 
with the atmosphere so that air under pressure can 
travel from the inlet to the outlet of the valves VS1 and 
VS2 or vice versa. When the solenoid valves EVS1 and 
EVS2 are excited they cause supply of air under pres- 
sure to the pilot chambers of the valves VS1 and VS2 so 
that the inlets of the said valves are intercepted and de- 
coupled from the corresponding outlets. 
[0043] The outlets of the brake valves VF1 and VF2 
are connected to the inlets of the corresponding brake 
release valves VS1 and VS2. The outlets of these latter 
are connected together by means of a connection tube 
p4, and are further connected to the inlets of the further 
two valves (supplementary valves) VSOC1 and VSOC2 
similar to the above. 

[0044] The outlet of the valve VSOCt oommunicates 
with the atmosphere and its pilot chamber is connected 
to a control solenoid valve EVSOC1. In the de-excited 
position (illustrated) the solenoid valve EVSOC1 main- 
tains the valve VSOC1 closed, whilst in the excited con- 
dition it allows it to open. 

[0045] The pilot chamber of the valve VSOC2 is con- 
nected to a control solenoid valve EVSOC2 which in the 
de-excited condition (illustrated) allows the valve 
VSOC2 to open, and in the excited condition prevents it 
from opening. 

[0046] The outlet from the auxiliary reservoir AR is 
connected to the valve VSOC2 via a pressure regulation 
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valve VR arranged to regulate the pressure sent to the 
valve VSOC2 as a function of the weight of a vehicle in 
a manner known per se. 

[0047] The brake solenoid valves EVF1 , EVF2, as well 
as the brake release solenoid valves EVS1 and EVS2 
and the supplementary solenoid valves EVSOC1 and 
EVSOC2 are controlled by the electronic unit ECU of 
the electropneumatic assembly of which the circuit 
PNC1 forms part. This pneumatic circuit has various 
sensors or transducers associated therewith, con- 
nected (in a manner not shown) to the electronic unit 
ECU. 

[0048] A pressure transducer TO signals the pressure 
in the duct p1, and thus the pressure available in the 
reservoir AR. Two pressure transducers T1 and T2 con- 
nected to the outlets of the brake valves VF1 and VF2 
signal to the unit ECU the brake pressure applied to the 
cylinders BC1 and BC2 respectively. Moreover, two 
pressure sensitive switches S1 and S2, likewise con- 
nected to the outlets of the valves VF1 and VF2, provide 
the unit ECU with information indicative of the presence 
or absence of pressure in the cylinders BC1 and BC2 
respectively. 

[0049] A pressure sensitive switch S3 is associated 
with the pilot chamber of the valve VSOC1 to signal to 
the unit ECU if there is or is not pressure in this pilot 
chamber and thus if the valve VSOC1 is open or closed. 
[0050] The pneumatic circuit PNC1 described above 
is arranged to operate under the control of the unit ECU 
in the following manner. 

[0051 ] In the absence of service braking and supple- 
mentary braking the solenoid valves EVSOC1 and 
EVSOC2 are excited so that the valve VSOC1 can be 
open whilst the valve VSOC2 is maintained closed. In 
these conditions the brake solenoid valves EVF1 and 
EVF2 and the brake release solenoid valves EVSt, 
EVS2 are de-excited. 

[0052] In these conditions, when the unit ECU 
receives service brake command signals via the com- 
munications bus VB it causes excitation of the brake 
and brake release solenoid valves. The valves VF1, 
VF2 are thus opened, whilst the valves VS1 and VS2 
are held closed. In this condition air under pressure 
flows from the reservoir AR to the brake cylinders BC1 
and BC2 via the valves VF1 and VF2. When the desired 
brake pressure is achieved (which the unit ECU detects 
by information provided by the transducers T1 and T2) 
this unit de-excites the brake solenoid valves EVF1 and 
EVF2, and maintains the brake release valves EVS1, 
EVS2 excited. The brake pressure applied to the cylin- 
ders BC1 and BC2 is thus maintained. 
[0053] For release of the service brake pressure the 
unit ECU de-excites both the brake valves EVF1 , EVF2 
and the brake release valves EVS1 and EVS2: the pres- 
sure in the brake cylinders BC1 and BC2 can now dis- 
charge to atmosphere through the ducts p2, p3, the 
valves VS1 . VS2, the duct p4 and the valve VSOC1 . 
[0054] The circuit PNC1 also allows actuation of the 


supplementary brake which is activated either following 
a command received from the unit ECU via the bus VB 
or else (as will be explained better hereinafter) in the 
case of interruption of the double safety loop R1, R2 

5 (Figures 1 and 12). 

[0055] In either case, the supplementary brake is put 
into operation by de-excitation of the solenoid valves 
EVSOC1 . EVSOC2 following which the valve VSOC1 is 
closed and the valve VSOC2 is open. In this condition 

10 compressed air coming from the reservoir AR passes - 
with a pressure "weighted" by the regulation valve RV - 
through the valve VSOC2 and thus through the valve 
VS1 as well as the valve VS2 (which are openable in 
that the associated solenoid valves are de-excited) and 

15 arrives at the brake cylinders BC1 and BC2. 

[0056] During service braking the pressure sensitive 
switch S3 signals to the unit ECU that the valve VSOC1 
is closed and the unit ECU then inhibits excitation of the 
brake valves EVF1 , EVF2 whereby to avoid the simulta- 

20 neous application of the service brake and the supple- 
mentary brake. 

[0057] The pneumatic circuit PNC1 described above 
is adapted to allow braking, under the control of the unit 
ECU, with anti-skid function both during service braking 

25 and during supplementary braking. 

[0058] In particular, during service braking the anti- 
skid function is achievable by exciting and de-exciting 
the brake solenoid valves EVF and brake release sole- 
noid valves EVSF alternately. During supplementary 

30 braking the anti-skid function is achievable by exciting 
and de-exciting the solenoid valves EVSOC1 and 
EVSOC2 alternately. 

[0059] It is to be noted that the structure of the pneu- 
matic circuit PNC1 is such that the anti-skid function can 

35 be controlled axle -by-axle independently of the brake 
pressure in the service brake, whilst in supplementary 
braking the brake pressure is controlled in the same 
way for all axles of the same bogie. 
[0060] As previously mentioned, the unit ECU is pref- 

40 erably arranged in such a way as normally to prevent 
the contemporaneous application of the service brake 
and the supplementary brake. However, whenever this 
has to happen, following a malfunction or breakdown, 
the pneumatic circuit PNC1 described above is such 

45 that the brake actuators BC1 and BC2 receive a pres- 
sure equal to the higher of the pressure of the service 
brake and the pressure of the supplementary brake. 
[0061] With reference to Figure 7 there will now be 
described an embodiment of the pneumatic circuit 

so PNC2 for controlling the activation of the emergency 
brake actuators EMA. 

[0062] In the embodiment illustrated the circuit PNC2 
comprises a valve VEM1 which is similar to the pneu- 
matic valve already described with reference to Figure 
55 6, and is controlled by a solenoid valve EVEM1 in a 
manner such that when this latter is de-excited (excited) 
the valve VEM1 is closed (openable). The inlet to the 
valve VEM1 is connected to the reservoir ER via a pres- 
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sure regulating valve RV1 arranged to suitably regulate 
the pressure. The outlet of the valve VEM1 is connected 
to the actuators EMA of the emergency brake by means 
of a duct p5 in which is fitted an interception tap IC3. 
[0063] A pneumatic valve VEM2 similar to the valve s 
VEM1 has its input connected to a branch of the tube p5 
and its output communicating with the atmosphere. This 
valve is associated with a control solenoid valve EVEM2 
which in the de-excited (excited) condition allows (pre- 
vents) opening thereof. The duct p5 is also associated 
with a pressure transducer T3 connected to the unit 
ECU and a possible pressure limiting valve LV3. 
[0064] The control unit ECU is arranged to control 
activation of the emergency braking actuators EMA 
through the solenoid valves EVEM1, EVEM2. When 
these solenoid valves are simultaneously excited the 
compressed air passes from the reservoir ER to the 
actuators EMA through the valve VEM1 and at a suita- 
ble pressure from the valve RV1. When the said sole- 
noid valves are then de-excited the pressure applied to 
the actuators EM1 discharges to atmosphere though 
the valve VEM2. 

[0065] In Figure 8 there is shown an embodiment of 
the pneumatic circuit PNC3 for controlling the actuators 
PBR for the standing or parking brake. 
[0066] In the embodiment illustrated the reservoir PR 
is connected to a bistable solenoid valve PBM via a 
valve RV2 which suitably regulates the pressure as a 
function of the weighted characteristics of the actuators. 
The output of the bistable solenoid valve PBM is con- 
nected to a selector valve VD1 in turn connected to the 
actuators PBR for the parking brake via a first section of 
a double interception tap IC4. 
[0067] The output from the reservoir PR is moreover 
connected to the actuators PBR via the second section 
of the double interception tap IC4. 
[0068] The actuators PBR are of the cylinder and 
spring type and are deactivated when the cylinder is 
supplied with a pressure, whilst they are activated (by 
the effect of the springs) when this pressure is released. 
[0069] The bistable solenoid valve PBM allows con- 
nection of the actuators PBR selectively to the reservoir 
PR or to atmosphere, and thus allows them to be deac- 
tivated and activated respectively. 
[0070] The pressure transducer T4 and low and high 
threshold pressure-sensitive switches S4 and S5 
respectively allow the control unit ECU to detect the 
presence or absence of pressure at the actuators PBR, 
and the value of this pressure. 
[0071 ] As an alternative to the embodiment illustrated so 
in Figure 8, an assembly of valves and solenoid valves 
the same as or similar to that previously described in 
relation to the control of the supplementary brake can 
be used for the control of the standing or parking brake 
actuators PBR. ss 
[0072] The valve VD1 is connected via a duct p6 to a 
similar valve VD2 of the pneumatic circuit PNC1 (Figure 
6), which is interposed in a duct p7 which interconnects 


the tubes p2 and p3. This arrangement allows a part of 
the air under pressure intended for the cylinders BC1 
and BC2 during service braking to reach the actuators 
P BR of the parking brake. However, when only th park- 
ing brake is activated the valves VD1, VD2 de-couple 
the pneumatic circuit PNC1 from the circuit PIMC3. 
[0073] In Figure 9 there is shown an embodiment of 
the pneumatic circuit PNC4 for controlling the cylinders 
SC associated with the cleaning shoes. The circuit 
PNC4 of Figure 9 is substantially identical to the circuit 
PNC2 shown in Figure 7 with respect to which it differs 
only by the absence of the regulator valve RV1. There- 
fore the circuit PNC4 and its operation will not be further 
described. 

[0074] In Figure 10 there is shown a variant embodi- 
ment of the pneumatic circuit PNC1. In this figure the 
elements and parts already described with reference to 
Figure 6 have again been given the same alphanumeric 
reference symbols. 

[0075] In the embodiment of Figure 10 the reservoir 
AR is connected to the valve VSOC2 by a pneumatic 
relay valve VR the piloting input to which is connected to 
a memory reservoir MR having a defined volume. The 
reservoir MR is connectable to the reservoir AR via a 
two-way, two-position solenoid valve EV1 . The reservoir 
MR can be connected to the atmosphere via a further 
two-way, two-position solenoid valve EV2. A pressure 
transducer T5 coupled to the reservoir MR provides the 
control unit ECU with signals indicative of the pressure 
in this reservoir. 

[0076] In an electropneumatic unit including a circuit 
PNCt according to Figure 10 the electronic unit ECU is 
connected to a sensor capable of providing it with sig- 
nals indicative of the weight of the vehicle. This sensor 
can for example be a load ceil or a pressure sensor 
associated with the pneumatic suspensions of the vehi- 
cle. On the basis of the information provided by this sen- 
sor the unit ECU, by piloting the solenoid valves EV1 
and EV2 causes a pressure indicative of the weight of 
the railway or tram vehicle to be stored in the reservoir 
MR. This pressure "memorised" in the reservoir MR is 
utilised for piloting the relay valve VR and thus for regu- 
lation of the braking pressure applied to the cylinders 
BC1 and BC2 in supplementary braking. 
[0077] The pneumatic "memorising" of the weight of 
the railway or tram vehicle makes it possible to regulate 
the supplementary braking pressure even in the case of 
breakdown or malfunction of the electronic parts of the 
electropneumatic control unit. 
[0078] Another method of memorising the weight of 
the vehicle is schematically illustrated in Figure 10a: on 
the basis of an electric weight signal q provided by a 
transducer the unit ECU controls an electric stepping 
motor STM in such a way as to modify correspondingly 
the load of the spring SS of a pressure regulating valve 
RV interposed between the reservoir AR and the valve 
VSOC2 as in the diagram of Figure 6. 
[0079] In Figure 11 there is shown a further variant 
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embodiment of the pneumatic circuit PNC1. The circuit 
PNC1 of Figure 1 1 is intended for use in a vehicle the 
braking system of which comprises, as well as the main 
duct MP, a general pneumatic brake duct indicated CG 
and a brake command distributor DF connected to the 5 
said general duct CG and to an associated pressure 
reservoir DR. The circuit PNC! of Figure 1 1 has a struc- 
ture corresponding to that of the circuit shown in Figure 
10 from which it differs by the fact that the reservoir AR 
is de-coupled from the relay valve VR and from the sole- 10 
noid valve EV1 which are instead coupled to the output 
of the braking distributor DF in correspondence with a 
pneumatic input g of the circuit. 
[0080] In a manner known per se, when the pressure 
in the general duct CG falls befow a determined value 15 
the brake distributor DF sends air under pressure com- 
ing from the reservoir DR to the input g of the circuit 
PNC1 giving rise to braking if the supplementary sole- 
noids have been previously de-energised in a manner 
corresponding to that previously described with refer- 20 
ence to Figures 6 and 10. 

[0081 ] Naturally this functional option with intervention 
of the distributor is valid even if the mentioned weighing 
of the vehicle is not present but all the other previously 
explained forms of weighing are. ss 
[0062] In Figure 12 there is shewn a diagram which 
illustrates the way the solenoid valves EVSOC of the 
pneumatic circuit PNC1 is controlled. 
[0083] As has already previously been mentioned, 
these solenoid valves are normally excited and are de- 30 
excited to apply the supplementary brake. De-excitation 
of these solenoid valves can be controlled by the elec- 
tronic control unit ECU by signals coming from the bus 
VB or by the reduction in the potential difference 
between the two safety loops R1 and R2. 35 
[0084] As is seen in Figure 12, to control the solenoid 
valves EVSOC in this way the conductors x1 and x2 
connected to the return conductors 1b and 2b respec- 
tively of the safety loop R1 and R2 are connected to a 
rectifier circuit RB. At the output of this rectifier circuit 40 
there is connected a current generator which supplies 
current to the photodiode PD of a photocoupler PC. The 
phototransistor PT of which is connected between a ter- 
minal of the excitation winding EW of a general solenoid 
valve EVSOC and a ground conductor GND. The other as 
terminal of the winding EW is connected to a voltage 
source V s . In a manner known per se, a re-circulation 
diode FD is connected in parallel with the winding EW. 
[0085] When the nominal potential difference is 
present between the safety loops R1 and R2 the current so 
generator GC supplies current to the photodiode PD 
and the phototransistor PT is conductive and maintains 
the lower terminal of the windings EW connected to 
ground. The solenoid valve EVSOC is therefore exited. 
Upon the said potential difference falling, following an 55 
interruption in the safety loops R1 and R2 in any f the 
vehicles of the railway train, the current generator GC 
becomes inactive such that the phototransistor PT turns 


off and the solenoid valve EVSOC becomes de-excited. 
[0086] De-excitation of this solenoid valve can how- 
ever be caused, in a manner which is independent of 
the state of the safety loops R1 and R2, upon a com- 
mand imparted by a microprocessor MP comprised in 
the electronic unit ECU, via a transistorised pilot stage 
DS. 

[0087] Conveniently, as shown in Figure 13, for supply 
of the voltage V s to the solenoid valves EVSOC there is 
used a main supply circuit MS and an auxiliary supply 
circuit AS connected to the windings EW of these sole- 
noid valves in an OR configuration, for example by 
means of diodes D1 and D2 connected in the manner 
illustrated. The redundancy of the voltage supply makes 
it possible to avoid a local de-excitation debt of the sup- 
plementary solenoid valves EVSOC. 
[0088] An electropneumatic brake control assembly 
according to the invention makes it possible to perform 
by electronic means the function of a traditional brake 
distributor coupled to the general brake duct. This pos- 
sibility will now be illustrated with reference to Figure 14. 
The railway or tram vehicle RV of Figure 1 4 is traversed, 
as well as by the main brake duct MP, also by a general 
brake duct CG. This duct is associated with a pressure 
transducer T10 and a pressure-sensitive switch S10 
connected to the electronic unit ECU of the or each 
electropneumatic control assembly with which the vehi- 
cle RV is provided. 

[0089] When the transducer T1 0 signal a pressure in 
the general duct CG less than a predetermined value 
the electronic control unit ECU activates the brake actu- 
ators BC1 and BC2 in the manner previously described 
with reference to Figures 6 and 10. 
[0090] The pressure-sensitive switch S10 serves to 
allow the actuation of the "rapid" or emergency brake. 
[0091 ] In general the or each electropneumatic control 
assembly of the braking system according to the inven- 
tion is enclosed in a container or support casing. The 
electronic control unit ECU of the or each electropneu- 
matic assembly is conveniently arranged to control the 
solenoid control valves associated with the various 
pneumatic circuits by means of electronic switches such 
as, for example, MOSFET transistors. The unit ECU can 
in particular be advantageously arranged to pilot these 
electronic switches with average value square wave 
command signals, and in particular having a controlled 
variable duty cycle so as to reduce the heat dissipation 
in the said command solenoid valves. 
[0092] In Figure 15 there is shown a general electrop- 
neumatic control assembly G the casing or support con- 
tainer of which is indicated H. In this figure there is 
shown a general solenoid control valve indicated EV 
piloted by means of an associated MOSFET transistor 
MT As is shown in this drawing, the unit ECU can con- 
veniently be connected to a temperature sensor TS 
operable to provide it with signals indicative of the tem- 
perature within the casing or container H. The unit ECU 
can be arranged to control the average value or duty 
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cycle of the square wave signals, with which the various 
solenoid control valves are piloted, as a function of the 
temperature indicated by the sensor TS, in such a way 
as to reduce or if necessary increas the heat dissipa- 
tion of the said solenoid valves and thus the tempera- 
ture within the container H. 

[0093] For the control of the temperature in the casing 
H of an electropneumatic assembly G moreover it is 
possible to have one or more heating elements, for 
example resistors, such as that indicated HR in Figure 
15, the electrical sipply of which is controlled by the unit 
ECU as a function of the temperature detected in the 
casing or container H by the sensor TS. Such heating 
resistors can in particular be incorporated into the sup- 
porting circuit boards of the devices and components of 
the unit ECU. 

[0094] Another system (additional or alternative to 
those already described) for control of the temperature 
in the container or casing H of an electropneumatic con- 
trol assembly G is that which will now be described with 
reference to Figure 16. The arrangement illustrated in 
this figure envisages a compressed air reservoir QR 
with which there is associated a discharge solenoid 
valve EVQ controlled by the unit ECU. The solenoid 
valve EVQ, when excited, is able to cause compressed 
air to be drawn from the reservoir QR, the expansion of 
which is able to cause a cooling effect of the internal 
region of the casing or container H. 
[0095] Naturally, the principle of the invention remain- 
ing the same, the embodiments and details of construc- 
tion can be widely varied with respect to what has been 
described and illustrated purely by way of non-limitative 
example, without by this departing from the ambit of the 
invention as defined in the attached claims. 

Claims 

1 . A braking system for a railway or tram vehicle (RV) 
having at least two axles, comprises 

at least one main pneumatic duct (MP), 
pneumatic actuator devices (BC1 . BC2) for the 
service brake and the supplementary brake, 
and 

at least one auxiliary reservoir (AR) connected 
to the said main duct (MP) and operable to pro- 
vide compressed air for braking to the said 
actuators (BC1, BC2); 

characterised in that it comprises at least one 
compact electropneumatic control assembly 
(G1,G2;G12) having 

an input connector (a) connected to the said 
main pneumatic duct (MP) by means of a sin- 
gle connection duct (CP), 
an inlet/outlet connector (e) connected to the 
auxiliary reservoir (AR) and further connected 
within the assembly (Gt, G2; G12) to the said 
inlet connector (a) to allow air under pressure 


coming from the main duct (MP) to be supplied 
to the said auxiliary reservoir (AR); 
a plurality of further inlet/outlet connectors (b) 
connected to service and supplementary brake 

s actuators (BC1, BC2); 

at least one pneumatic circuit (PNC1) for con- 
trol of the service brake and the supplementary 
brake, connected between the said auxiliary 
reservoir (AR) and the said further inlet/outlet 

10 connectors (b1 , b2); the said pneumatic circuit 

(PNC1) comprising a plurality of solenoid con- 
trol valves (EVF, EVS. EVSOC), and sen- 
sors/transducers (S. T) operable to provide 
electrical signals indicative of quantities or con- 

15 ditions monitored in the said pneumatic circuit 

(PNC1); and 

an electronic communication and control unit 
(ECU) connected to at least one communica- 
tions line (VB), to the said sensors/transducers 
20 (S, T), and to the said solenoids valves (EVF, 

EVS, EVSOC); 

the said electronic unit (ECU) being arranged 
to control the said solenoid control valves (EVF, 
EVS, EVSOC) in a predetermined manner to 
25 actuate the service brake or the supplementary 

brake on the basts of information or control sig- 
nals arriving at it via the communication line 
(VB) and in dependence on signals provided by 
the said sensors and transducers (S, T). 

30 

2. A braking system according to Claim 1, character- 
ised in that it includes at least one first and one sec- 
ond electropneumatic control assembly (G1, G2) 
each of which is associated with a respective bogie 

35 (B1 , B2) of the vehicle (RV). 

3. A braking system according to Claim 2, character- 
ised in that the said electropneumatic control 
assemblies (G1, G2) are each installed on corre- 

40 sponding bogies (B1 , B2) of the vehicle (RV). 

4. A braking system according to Claim 1, character- 
ised in that it comprises a single electropneumatic 
control assembly (G12) connected to the brake 

45 actuators of various bogies (B1 , B2) of the vehicle 
(RV). 

5. A braking system according to any preceding claim, 
characterised in that the electronic unit (ECU) of the 

so said at least one electropneumatic control assem- 
bly (G1, G2; G12) is connected to the said at least 
one communications line (VB) by means of an inter- 
face device (INT) of gateway type. 

55 6. A braking system according to any preceding claim, 
characterised in that the said at least one electrop- 
neumatic control assembly (G1, G2; G12) com- 
prises memory means (MR) operable to store 


8 


15 


EP0 958 980 A2 


16 


information indicative of the weight of the vehicle 
(RV); the said electropneumatic control assembly 
being arranged to apply, during supplementary 
braking, a brake pressure the valu of which is a 
function of the weight value stored in the said mem- 5 
ory means (MR). 

7. A braking system according to Claim 6, character- 
ised in that the said electronic unit (ECU) is 
arranged to cause, via solenoid valve means (EV1 , 10 
EV2) the storing of a pressure corresponding to the 
weight of the vehicle (RV) in a pneumatic memory 
reservoir (MR); the said memory reservoir (MR) 
being associated with an electric transducer (T5) 
operable to provide the electronic unit (ECU) with 15 
signals indicative of the pressure stored in the said 
memory reservoir (MR). 

8. A braking system according to Claim 6, character- 
ised in that the said memory means comprise a 20 
stepping electric motor (STM) controlled by the 
electronic unit (ECV) as a function of a weight sig- 
nal (d) of the vehicle (RV) provided by a transducer, 

in such a way as to vary the load of the spring (SS) 
associated with a pressure regulating valve (RV). 25 

9. A braking system according to any preceding claim, 
characterised in that the said pneumatic control cir- 
cuit (PNC1) is operable, in the case of simultaneous 
activation of the service brake and the sipplemen- 30 
tary brake, to cause passage to the brake actuators 
(BC1 , BC2) of a pressure equal to the higher of the 
pressure values available for service braking and 
supplementary braking respectively. 

35 

1 0. A braking system according to any preceding claim, 
characterised in that the said electronic control unit 
(ECU) is arranged to control the said solenoid con- 
trol valves (EVR EVS, EVSOC) to operate in a pre- 
determined anti-slip manner by alternate excitation 40 
and de-excitation of the said solenoid valves both 
during the course of service braking and during the 
course of supplementary braking. 

1 1 . A braking system according to Claim 1 0, character- 45 
ised in that the said pneumatic control circuit 
(PNC1) is configured in such a way that during 
actuation of the anti-slip function in the course of a 
service braking the brake pressures applied to each 
axle are controlled individually, and in the actuation so 
of anti-slip function during supplementary braking 

all the brake actuators of a single bogie have the 
same controlled brake pressure applied to them. 

12. A braking system according to any preceding claim, 55 
for a railway or tram vehicle, further provided with a 
general braking pneumatic duct (CG) and a brake 
control distributor (DF) connected to the said gen- 


eral duct (CG); the system being characterised in 
that the said at least one electropneumatic control 
assembly is provided with a further inlet connector 
(g) connectable to the outlet of the said distribut r 
(DF) and connected, within the assembly, to the 
said pneumatic control circuit (PNC1) which is 
arranged to actuate braking when the said distribu- 
tor (DF) transmits to it a control pressure according 
to predetermined priorities. 

1 3. A braking system according to any preceding claim, 
characterised in that along the vehicle (RV) extend 
first and second conductors (1a; 2a) which are 
respectively connected to first and second return 
conductors (1b; 2b) in such a way as to provide first 
and second safety loops (R1, R2) maintained at 
respective different electrical potentials; the sole- 
noid control valves of the said at least one electrop- 
neumatic assembly including solenoid valves 
(EVSOC) for controlling supplementary braking 
which are selectively controllable by the electronic 
unit (ECU) and by supervision means (RB, GC, PC) 
for supervising the potential difference between the 
return conductors (1b; 2b) of the said safety loops 
(R1 , R2) in such a way that when the said potential 
difference falls the supplementary braking is auto- 
matically actuated. 

14. A braking system according to Claim 1 3, character- 
ised in that the said supervision means comprise a 
rectifier circuit (RB) connected between the return 
conductor (1b, 2b) of the said safety loops (R1 , R2), 
a current generator (GC) connected to the output of 
the rectifier circuit (RB) to supply a predetermined 
current to a photodiode (PD) coupled to a pho- 
totransistor (PT) operable to cause commutation of 
the associated solenoid valve (EVSOC). 

15. A braking system according to Claim 14, character- 
ised in that the excitation winding (EW) of each sup- 
plementary brake control solenoid valve (EVSOC) 
has a terminal connected to voltage supply means 
comprising two supply circuits (MS, AS) the outputs 
of which are connected together in an OR configu- 
ration. 

16. A braking system according to any preceding claim 
for a vehicle (RV) provided with pneumatic standing 
or parking brake actuators (PBR); 

the system being characterised in that the said 
at least one electropneumatic assembly com- 
prises a pneumatic circuit (PNC3) for control- 
ling the pressure in the said standing or parking 
brake actuators (PBR), the said circuit compris- 
ing control valve means (PBM) controlled by 
the said electronic unit (ECU). 
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17. A braking system according to Claim 16, character- 
ised in that the said control valve means comprise a 
solenoid valve (PBM) of bistable type. 

18. A braking system according to Claim 1 6, character- s 
ised in that the said control valve means comprise a 
pair of pneumatic valves and associated solenoid 
control valves, interconnected together in the same 
arrangement as that adopted for the control of the 
supplementary brake. w 

19. A braking system according to any one of Claims 
16 to 18, characterised in that the pneumatic circuit 
(PNC3) for control of the standing or parking brake 

is coupled to the pneumatic circuit (PNC1) for con- is 
trol of the service or supplementary brake by 
means of valve means (VD1, VD2) operable to 
allow a fraction of the service brake power to be 
supplied to the actuators of the standing or parking 
brake (PBR). 20 

20. A braking system according to any preceding claim, 
for a vehicle (VR) provided with pneumatic emer- 
gency brake actuators (EMA); the system being 
characterised in that the said at least one electrop- 25 
neurnatic assembly oomprises a pneumatic control 
circuit (PNC2) including solenoid control valves 
(EVEM) controlled by the said electronic unit (ECU) 

to allow supply of a control pressure to the said 
emergency brake actuators (EMA). 30 

21 . A braking system according to any preceding claim 
for a vehicle (VR) provided with cleaning shoes 
which can be actuated by means of pneumatic cyl- 
inders (SC); the system being characterised in that 35 
the said at least one electropneumatic control 
assembly includes a pneumatic circuit (PNC4) 
including solenoid control valves controlled by the 
said electronic unit (ECU) to allow supply of a self- 
governing command pressure to the pneumatic cyl- 40 
inders (SC) associated with the said cleaning 
shoes. 

22. A braking system according to any preceding claim, 
characterised in that the said electronic unit (ECU) 45 
is arranged to control the said solenoid control 
valves (EV) by means of respective electronic 
switches (MT) controlled by average value square 
wave signals, and in particular having a duty cycle 
which is variable in such a way as to control the so 
heat dissipation in the said solenoid valves (EV). 

23. A braking system according to Claim 22, character- 
ised in that the said at least one electropneumatic 
assembly is enclosed in a support container (H) in 55 
which there is disposed a temperature sensor (TS) 
connected to the said electronic unit (ECU) which is 
arranged to control the said solenoid control valves 


(EV) with signals having a variable average value in 
such a way that the heat dissipation in the solenoid 
valves (EV) is controlled as a function of the tem- 
perature indicated by the said sensor (TS). 

24. A braking system according to any preceding claim, 
characterised in that the said at least one electrop- 
neumatic assembly comprises at least one circuit 
board in which there is incorporated at least one 
heating element (HR) the electrical supply to which 
is controlled in dependence on the temperature 
detected in the casing or support container (H) of 
the said electropneumatic assembly by means of a 
sensor (TS) connected to the said electronic unit 
(ECU). 

25. A braking system according to any preceding claim, 
characterised in that the said at least one electrop- 
neumatic assembly is enclosed in a container or 
support casing (H) in which there is disposed a 
temperature sensor (TS) connected to the said 
electronic unit (ECU); the said assembly including a 
compressed air reservoir (QR) with which there is 
associated a discharge solenoid valve (EVQ) con- 
trolled by the electronic unit (ECU) in such a way 
that when the temperature in the said container (H) 
exceeds a predetermined value, a quantity of air is 
discharged from the said reservoir (QR) via this 
solenoid valve (EVQ) the expansion of which is able 
to cause a cooling effect. 

26. A braking system according to any preceding claim, 
characterised in that it includes a line (y) which 
extends along the vehicle (RV) and is connected to 
the electronic unit (ECU) of the or each electrop- 
neumatic assembly (G1, Q2; G12), and in which 
there is an enablement device (ID) operable to con- 
nect the said line (y) to a brake control apparatus 
(CU) to allow the continuation of the service by 
means of breakdown signals emitted by the said 
apparatus (CU) in the case of breakdown for exam- 
ple of the said communication line (VB). 

27. A braking system according to any preceding claim, 
characterised in that the pressure transducers (T) 
associated with the said at feast one pneumatic 
control circuit (PNC1-PNC4) are mounted directly 
on one or more circuit cards or boards of the asso- 
ciated electronic control unit (ECU) and are coupled 
to the said at least one pneumatic circuit (PNC1- 
PNC4) by pneumatic ducts. 

28. A braking system according to any preceding claim, 
characterised in that the said at least one pneu- 
matic control circuit (PNC1 -PNC4) comprises a plu- 
rality of identical pneumatic valves (VF, VS VSCO, 
VEM) which are associated with respective sole- 
noid control valves (EVF, EVS, EVSCO, EVEM) 
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controlled by the said electronic communication 
and control unit (ECU). 

29. A braking system according to Claim 28, character- 
ised in that each of the said pneumatic valves (VF, s 
VS, VSCO, VEM) comprise a body (h) in which 
there is a membrane shutter (j) which controls com- 
munication between an inlet (k) and an outlet (o) of 
the valve, and which defines, with respect to the 
body (h), a pilot chamber (m) to which the associ- 10 
ated solenoid control valve (EVF, EVS, EVSOC, 
EVEM) is connected. 

30. A braking system according to Claim 29, character- 
ised in that the said pilot chamber of a sypplemen- w 
tary brake control pneumatic valve (VSOC1) is 
associated with a pressure-sensitive switch (S3) 
connected to a control unit (ECU) to indicate if the 
discharge path of the said pilot chamber is open or 
closed. 20 

31 . A braking system according to any preceding claim 
for a vehicle (RV) further provided with a general 
pneumatic duct (GC); characterised in that the said 
general duct (CG) is associated with a pressure 2s 
transducer (T10) and a pressure-sensitive switch 
(S10) connected to the electronic communication 
and control unit (ECU) of the or each electropneu- 
matic assembly (G1 , G2; G12) the said unit (ECU) 
being arranged to control the service brake and the 30 
supplementary brake of the vehicle (RV) as a func- 
tion of the value of the pressure in the said general 
duct (CG). 
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